The evaluation of computer software relies on the relationship between the characteristics of the software and the efficiency of its use. To find out which characteristics of the software can influence the level of acquired knowledge, an experiment was carried out with tenth grade students in Estonian schools. Fifty-four students studied 35 units from different multimedia textbooks. Correlation coefficients between the posttest score of the students and different characteristics of the textbooks were calculated. The correlation coefficients revealed five factor groups for the post-test score: text, presentation of information on the computer screen, graphics, navigation, and students' self-control.
Introduction
Computer software is used extensively in many schools all over the world. Some pieces of software are very good whilst others are not. Every teacher wants to use the best software but how to decide which is best is not easy. Experimenting in school with the software of unknown quality can retard the development of students. Therefore, it is very important to have a possibility to prognosticate which software is efficient in given learning conditions. The prognostication is based on the connections between the characteristics of the software and the results of the knowledge acquisition while using the software.
The relationship between the characteristics of the software and the resulting learning is also important for other reasons. All software designers are interested in guaranteeing high product quality. If they know how the characteristics of the software influence the efficiency of learning, they can design their software with this in mind.
Literature review
Many researchers have investigated the efficiency of using computer software in education. They have compared instruction with and without software. Many of the researches have found that CAI is effective in achieving study aims. Liao (1992) performed a meta-analysis of 31 investigations on computer-assisted instruction. He found that computer-based education is more efficient than traditional methods of teaching. Students who had CAI experience scored roughly 18 percentile points higher on various cognitive-ability tests than students without CAI experience. Khalili & Shashaani (1994) made a meta-analysis of the investigations on the efficiency of CAI. The authors analysed the results of 151 investigations conducted from elementary school level up to college level. They concluded that the use of computer applications had raised students' examination scores by 0.38 standard deviations.
Four general factors of the efficiency of CAI have been identified: • CAI makes individual guidance of the learner possible (Liao, 1992; Wang et al., 1993; Van Dusen et al., 1995; Najjar, 1996; Brett, 1998 ).
• CAI gives immediate feedback (Crozier, 1999; Liao, 1992; Wang et al., 1993; Caftori, 1994; Van Dusen et al., 1995; McCoy, 1996) , • CAI is more interactive than traditional learning (Williams & Brown, 1990; Najjar, 1996; Brett, 1998; Barab et al., 1999; Uden & Campion, 2000; Najjar, 2001) • CAI enables an individualised pace for every learner (Liao, 1992; Wang & Sleeman, 1993; Van Dusen & Worthen, 1995; Najjar, 1996) . However, not all the investigations revealed the efficiency of computer-based instruction. Khalili & Shashaani (1994) found that in nine percent of the investigations, traditional instruction was more efficient than CAI. Wang & Sleeman (1993) gave an overview of seven pieces of research which indicated that computerassisted instruction is more effective than traditional instruction. However, the authors also found 10 investigations in which no superiority of CAI was found. In some circumstances, traditional instruction was even better than CAI.
There are clearly contradictory results about the efficiency of different kinds of computer software. Khalili & Shashaani (1994) found that simulation had the greatest effect and drill-and-practice had the smallest. Problem solving produced the second greatest effect. On the other hand, Liao (1992) concluded that in computer applications, tutorial software was the most effective. He found no significant differences in the comparison of the efficiency of drill-and-practice software, problem solving, and simulation software. The third authors, Wang & Sleeman (1993) concluded that drill-and practice programs were always more effective than traditional instruction, while tutorials, problem-solving software and simulations all had mixed results.
It is apparent that research results and software designer recommendations can even be seen to conflict when considering the concrete characteristics of software. There is not enough knowledge about the factors of the efficiency of computer programs. The researches have mostly compared computer-based learning with traditional instruction or explored only one or few characteristics of learning programs. At the same time, there is an evident lack of systematic studies examining the characteristics of computer programs, which may influence learning outcomes.
The aim of this research was to find out possibly all the characteristics of multimedia textbooks, which contribute to the post-test score of students. The posttest score was chosen as the independent variable because it is the most often used outcome of learning in Estonia.
There are different kinds of software, which are appropriate for learning: drills, tutorials, open-ended software, computer applications, multimedia textbooks, multimedia programs, web sites, etc. For this investigation, multimedia textbooks, which contain combinations of text, hypertexts, sound, pictures, graphics, videos and animations were selected.
Guidelines for the development of educational software and the criteria for selecting the programs for teaching were used to put forward the hypothesis about the factors of the post-test score. For example: • Berry (2000) writes about cognitive overload that is mental processing not only concepts, but also icons, objects, access, screen elements and so on. To avoid cognitive overload the symbols and icons on the screen should be standard and familiar for readers and learners should not be presented with too many different and/or new screen elements. • Crozier (1999) and Van Dusen & Worthen (1995) emphasise that the error messages must be given in a positive way and they must offer hints to guide the student to the correct answer.
• It is often assumed that the learning program should be attractive to motivate a child. For example, Van Dusen & Worthen (1995) argue that animated characters, voice capabilities, and full-colour graphics motivate students. However, Caftori (1994) demonstrates that not all supposedly attractive educational software is used as intended. Attractiveness can easily become a diversion from the learning goal.
• The computer programs should present the material in a pleasant and interesting way (Goyne et al., 2000) . However, too much playfulness may lower the results of learning.
• Illustrations are important in the transmission of information: they contribute to the dual coding and the retrieval of information (Najjar, 2001 ). However, pictures are better than text in certain situations only -when text is incomprehensible, when illustrations are clear enough, when illustrations are explanative (Mayer & Gallini, 1990; Najjar, 2001 ).
• Teaching software outdoes traditional textbooks because animated computer graphics can provide moving and changing information of an object over time. Lai (1998) and Nicholls & Merkel (1996) have compared the efficiency of static and animated graphics. Lai found that students who learned with static graphics received significantly higher scores, but Nicholls and Merkel assert that their results indicated significant advantage for subjects in the animated condition. Nielsen (1995) suggests that animations are only good in certain learning situations (e.g. spatial information, showing transitions). The latter author also states that moving animations distract attention away from the text thereby it is detrimental to put animations on the screen when learner should concentrate on reading.
• Najjar (2001) suggests use of supportive not decorative multimedia. The results of investigations on textbooks (Mikk, 2000) were also used to find the possible factors of post-test score while learning from multimedia textbooks. Brett (1998) states that the effectiveness of multimedia materials depends on 'the reasons for the use of the multimedia, the particular software that is being used, the learning situation in which it is developed and the characteristics of the learners'. In the experiment reported here the aim was to explore the software, so an attempt to eliminate the other factors was made. Conditions for the use of the multimedia, learning situations and learners were the same in all units.
Method
The research method was to select 35 units from different multimedia textbooks; all subjects studied the units independently and completed a test about the content of the each unit immediately after studying it. Parallel to the experiment, analysis of the units was carried out to find the values of characteristics, which may influence the post-test score.
Subjects
The experiment was carried out on 54 students (16 years old) from four schools in Estonia over 8 months. All the groups were of mixed ability. These schools have contemporary computer-labs and the students of these schools have good experience with computer-aided learning. Only 10% of the students mentioned that their skills in using a computer were 'not good' before the experiment; none evaluated their skills as 'very bad'.
Instruments
The material for the experiment was selected from six multimedia textbooks, which are suitable for 10th form students in Estonian secondary schools. There were 5 units on mathematics, 6 units on chemistry, 12 units on history, 6 units on geography and 6 units on Estonian language. This wide variety helped to identify all the possible characteristics of multimedia textbooks which contribute to the post-test score of students. The students studied one unit for approximately 20 minutes.
Experienced teachers composed the criterion tests in two forms covering the content of every unit. The items of these tests should be representative of all the items that could be composed considering the content of the units. There were factual questions and questions which required conceptual understanding. For example, factual questions were questions concerning concept definition and dates in history. Questions requiring conceptual understanding were finding reasons, foundations, and transfer of information in a new situation, etc. Also there were different kinds of questions in all the tests -multiple-choice, free-response and matching questions. In some of the questions there were several possible correct answers. Both forms of the test were on paper.
In the tests, items varied in their level of complexity. A greater number of points was given for complicated items. In the case of multiple-choice questions, a correction for guessing the right answer was used. As the tests differed in the number of items, the student's score was calculated as a percentage.
Procedure
The students studied the content of the unit with computers independently. After learning each unit, students were given a post-test to measure their level of knowledge after studying the multimedia unit. Students were not allowed to use the study unit whilst completing the tests. The time for studying the units and test completion was unlimited and the time for learning the unit was measured. For that purpose, the students marked up the time when they started studying the unit and when they finished. The time did not include the time for filling in tests.
The influence of the teacher was eliminated: he/she was not allowed to explain the material to students. There was an instructor of computer sciences in the computer class who provided technical help when needed. Students were not allowed to communicate with peers to insure that the results depended only on the students and the characteristics of the units of multimedia textbooks.
The units of multimedia textbooks were examined from many aspects and 133 characteristics were used. Readability investigations, which had 53 characteristics, were the basis for the findings. These characteristics were, for example, percentage of the screen area for information, percentage of formulas, symbols and concepts, percentage of words with nine or more letters, index of term difficulty, average abstractness of nouns, average length of the sentences. Number of concepts per unit included all repeated concepts -new concepts and well known ones. As multimedia connects different modes of media the number of modes of presentation were analysed including the number of graphics (illustrations, simple drawings, photos, diagrams and animations) and maximum number of colours per screen-page.
Fifty-five characteristics from previous investigations of educational software characterised the multimedia textbook manipulation and these were also analysed. Some of these characteristics were number of menus, percentage of terms in menus and submenus, search capability, navigation possibilities, number of commands, buttons and icons and percentage of familiar commands, icons and buttons. The commands and the buttons in the units, which were the same as in MS Office programs and Internet Explorer, were considered to be familiar as these programs are used in Estonian schools. As reading hypertext is not the same as reading books (Berry, 2000) the number and modes of hyperlinks were analysed .
The last 25 characteristics specified questions and responses in the unit. These characteristics were the maximum number of questions per unit, modes of questions (multiple-choice, True/False, matching and with constructed answer questions), modes of answering (with keyboard, with mouse or both), modes of feedback and hints.
The values of the characteristics for each unit were found using strictly fixed rules providing quantitative data that could be used in statistical analysis. Expert opinions had a 5-point scale (-2 to + 2) for evaluating the eight characteristics of the units.
Results
Coefficients of linear correlation between the post-test score and program units' characteristics were calculated to find the characteristics of educational software which contribute to the efficiency of the software. Statistically significant at the 0.05 level are correlation coefficients with an absolute value of 0.32 and over. The most important correlation coefficients are given in Table 1 .
For alternative characteristics and for characteristics in nominal and ordinary scale, ANOVA was used. Statistically significant differences in mean values for different characteristics are given in Table 2 . Alessi & Trollip (2001; 60) recommend that learners' navigation in educational software should be easy. It was found that more familiar commands and icons make the use of the program for the students easier and promote learning (Table 1 , characteristics 149 and 151). Alessi & Trollip (2001; 52) also proposed that the learner should always have an opportunity to review the material, or to move back. This experiment affirmed that proposition. The existence of a back button increases learning outcome (Table 2 , characteristic 145).
Discussion
Finding information from a computer is quicker than from a textbook. Students can find in seconds a wanted word or phrase. Are search capabilities and bookmarks useful for multimedia textbooks as recommended by Alessi & Trollip (2001; 161) for the rereading of study material? In this study, it was found that search possibility decreases learning outcome (Table 2, characteristic 143). Maybe one reason for this is that educational software was used for learning new material, not for repetition or seeking material. However, it was found that bookmarks promote learning (Table 2 , characteristic 144), which supports the findings of Alessi and Trollip. This feature helps to find material quickly, but the difference from search capabilities is that this material has already been perused. Alessi & Trollip (2001; 66) recommend scrolling for the presentation of information. This experiment indicates that this characteristic has a positive influence on the learning outcome (Table 2, characteristic 214). Perhaps scrolling is more familiar and easier for students but students are different in their abilities and in their preferences, so educational software should try to use the most preferred way for presenting information. The facts that for navigating both keyboard and 1, characteristic 162) . The finding confirms the recommendation to avoid too many navigation possibilities made by Alessi & Trollip (2001; 173) .
Educational software enables more choices and control for the students. Designers of education software nowadays increasingly use hypertext for navigation. With hyperlinks students can link the various parts of a software program together and in this way create their own text. Students can choose their own pace and path. It was found that large numbers of hyperlinks increase learning outcome (Table 1 , characteristic 154). But the average number of hyperlinks in these units was quite small and 31% of the units had no hyperlinks at all. So the positive correlation in the results of this research may indicate that multimedia textbooks should include hypertext.
Also, this experiment showed that learning programs should use computer capabilities and not just text on the screen. Learning outcome was higher when use of computer capabilities was high (F 3.29 = 4.2, p = 0.02) and designers had used several modes of presentation (F 3.29 = 3.54, p = 0.04). With different modes of presentation, learners could choose the most appropriate media which is suitable for their own learning style. Alessi & Trollip (2001; 63) suggest that text should not to be squeezed onto half the screen area so that the rest of the area is blank and the same conclusion was reached in this study. Post-test scores were higher when the maximum length of line, percentage of screen area for text and percentage of screen area for information were high (Table 1, characteristics 201, 202 and 203) . When a window of the program does not fill the whole screen space, students' attention is led away by the information in the rest of the screen.
Researchers of textbooks have made several suggestions for understandable writing (Mikk, 2000) . Which of these rules are valid for multimedia textbooks? Similarly to textbook research, it was found that a high percentage of concepts made acquiring information more difficult (Table 1 , characteristic 210). But there was no proof that a large number of concepts decreased learning (correlation coefficient between post-test scores and number of concepts r = -.14). This result is the same as in textbook research: concept density is very important (Mikk, 2000; 211) .
No evidence was found that terms or abstractness of nouns led to worse learning results (correlation coefficient with mean terminological index r = -.27 and with mean abstractness of nouns r = 0.01, averages 1.8 and 2.2 respectively, standard deviations in both cases 0.3) Maybe the other capabilities of presentation of information with a computer help to diminish terminological difficulty and abstractness of text. One possible way for making text more concrete is examples. In this research it was found that examples did indeed promote learning outcomes (F 2.91 = 7.1, p = 0.0009).
In contrast to textbook research, it was found that long sentences increase learning outcomes (Table 1 , characteristic 213). The result can be explained by the fact that the average sentence length in the units studied (102 letters) was approximately the same as the optimal sentence length for 10th grade -13 words (Mikk, 2000; 220) . Perhaps short sentences were too boring and they made the grasping of connections between sentences difficult.
Textbook researchers recommend highlighting concepts and main ideas (Mikk, 2000; 188-189) . This study found that highlighting essential ideas helps to acquire information (F 3.29 = 4.65, p = 0.02). The best methods for emphasising text are using bold, underlined text and capitalisation (Table 1, characteristics 230, 231 and 234) . Alessi & Trollip (2001; 64) recommend using bold text and capitalisation, but avoiding underlined text because it could be confused with hyperlinks. Alessi & Trollip (2001; 71) claim that pictures attract more attention than text, but designers should avoid redundant details. Also textbook researchers affirm the importance of simple illustrations (Mikk, 2000; 284) . This experiment showed that a high proportion of three-dimensional graphics reduces post-test scores (Table 1 , characteristic 252). Three-dimensional graphics are not simple for students and often contain too many small details.
Researchers of textbooks suggest placing the text and the illustration or graphic on the same page (Mikk, 2000; 289) . In multimedia textbooks, this might mean that the two presentations of information should be at same screen page (Alessi & Trollip, 2001; 72) . Conversely, it was found that illustrations and graphics presented at the same time as the connected text reduce learning outcomes (Table 1 , characteristic 260). To explain this result, the connections between text and graphics were analysed and it was found that in most cases the text was redundant and the graphics were fully intelligible. The redundancy effect decreases learning outcome (Table 1, characteristic 2601) . This is in conformity with Sweller's cognitive load theory, according to which redundant material has negative consequences on learning (Sweller, 2002) .
Smith (referenced by Alessi & Trollip, 2001; 76) found that more than four simultaneous colours should be avoided . This study found that with more colours on the same page, learning outcome was higher (F 4.14 = 10.15, p = 0.003; average maximum number of colours on the same page 7.5 with a standard deviation of 3.6).
In multimedia textbooks and tutorial programs, a very important factor is learner control. Students want to know if they understood the material properly. A result of this experiment was that giving students the possibility to choose the number of questions will reduce post-test scores (Table 2, characteristic 304). Maybe it is because students choose the minimum number of questions and do not study all the material. The fact that learning time is less with that characteristic (F 4.23 = 10.68, p = 0.003) confirms this possibility.
Students want to know how well they were achieving. Feedback should inform the learner about the correctness of a response. There are several modes for giving students such information: numbers of right and wrong responses, percentage of right answers, simple score or time of performance. This experiment showed that the best method for appraising students is to show the percentage of right answers (Table 2 , characteristic 338).
Conclusion
In this experiment, it was found that higher post-test scores were obtained in programs that were easier to navigate. Commands and icons that are needed should be familiar to students and navigation possibilities should not be too large. Also, learning outcome is promoted when students can use both scrolling, keys Page Up and Page Down, and the back-button. Bookmarks help mark essential information for the purpose of quick reference. Still questionable is the effect of search capabilities.
Program designers should be aware that multimedia textbooks should not be merely text on the screen. Computer capabilities make it possible to consider students' different learning styles and preferences, emphasise essential information in different ways and give control of learning to the students. Hyperlinks allow students to create their own text. But future research should investigate what is the most appropriate density of hyperlinks and what is the optimum number of colours to use in the same screen page.
The most important part of multimedia textbooks is the presentation of information. It was found that concepts in text (as opposed to illustrations) reduce learning outcome. Very short sentences are simple to understand, but make the text fragmentary and boring for students. Highlighting essential information gives the reader the possibility to find the most important part of the text easily. The emphasis of essential information is possible by using bold, underlined text and capitalisation. Examples should also be included to aid comprehension of the text. Illustrations and graphics help acquire information, but this kind of presentation should be comprehensible and not too detailed. Further research should investigate what is the most reasonable length of line, how should graphics be connected with the related text and what is the best text layout.
Learner control is one of the most important characteristics of learning programs. Students want to know how much they have learnt and a display of the percentage of correct answers is one way to inform students about their progress. But designers of educational software should be careful with characteristics such as giving students the possibility to choose the number of questions.
This study investigated the factors effecting the efficiency of multimedia textbooks for 16 year old students. Further research is planned on the efficiency of other kinds of educational software for other age groups and on students with different learning styles. What is the optimal educational software design for these students? Most interesting will be to find out the characteristics of the best problemsolving software, because problem solving is the area in which the teaching programs can significantly enhance traditional educational aids.
